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Battery Thermal Management
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Battery Thermal Management

. Low i e EE|
Typical Cell Power i Idea Growth
l Battery
Operating
i Range
I Typical Ambient Temperature
(Based on Data for US)
| K | |
-50 °C -20 °C 25 °C 60°C 90°C 120 °C

Temperature
Eﬁ: STa\W==1 info@ecpowergroup.com 4



Battery Thermal Management
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Self-Heating Battery Architecture

Charger Heating

Ohmmet.
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New cell structure: Anode + Cathode + Electrolyte + 4t" Component: a um-

thin Ni foil for rapid internal heating;

1-5°C/sec or 60-300°C/min & uniform

Reduction of specific energy by <1.5%. Negligible increase in production

costs.
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Charger Heating
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Internal Temperature Sensing
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Battery Thermal Management
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Battery Thermal Management
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Battery Thermal Management
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Battery Thermal Management
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The “Safe, Energy-Dense Battery”

1. Passivating battery to have low
reactivity of the electrolyte-
electrode interface or a large
charge-transfer resistance ->
stability, safety & low degradation

2. Heating before use thru a “thermal
switch” to have high power

Direct-current resistance

Passivation can be achieved by:

* Larger electrode particles (less surface area)
* Increasing initial EEI thickness

* Decrease the electrolyte conductivity

e Use solid-state electrolytes

* Use less reactive electrode materials

Safe, Energy-dense Battery (SEB)
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Ge et al., Sci. Adv. 3, 2020
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Passivation at the Electrode-Electrolyte Interface

Mix of 1-3% (w/w) Triallyl Phosphate (TAP) leads to
robust EEI formation.
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Passivation at the Electrode-Electrolyte Interface

Long Cycle-Life at 60°C
1C, 4.2 V CCCV Charge; 1C Discharge
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Passivation at the Electrode-Electrolyte Interface

Longer Calendar Life
Especially at Higher Temperatures
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Battery Thermal Management
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Battery Thermal Management
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Battery Thermal Management
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Simple Case Study
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Summary

1. Self-heating battery architecture provides temperature independent power/charging speed.
2. Intentional EEIl passivation leads to safer and longer lasting energy-dense batteries.

3. Combining the two leads to batteries that require no external thermal management.
Simplifying design, expanding the batteries operational space, and enabling effective thermal
management strategies for small format batteries.

Where do we go from here:
1. Increases in achievable energy-density will continue to reduce the impact of self-heating and

increasing its relevance.

2. Development of high temperature electrolytes, separators, and cathode materials, or effective
solid-state electrolytes will combine with self-heating to open the door to next generation
space technologies.
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